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O B J E C T I V E S This study explored whether an individual or a cluster of risk factors affects the extent
of necrotic core (NC) assessed by intravascular ultrasound (IVUS) radiofrequency data (RFD) analysis.
B A C KG ROUND Several systemic diseases contribute to the development of coronary artery
disease.
METHOD S The Global Intravascular Radiofrequency Data Analysis Registry was a prospective,
multicenter, nonrandomized database that enrolled 990 patients with coronary artery disease in whom
1 major coronary artery was imaged by IVUS-RFD. For the multivariable analysis, the population was
divided into 4 classes: young women, young men (both 62 years), old women, and old men (62
years). Mean NC area was categorized as 1: top quartile (0.62 mm2) or as 0: lower 3 quartiles.
R E S U L T S Young patients had less NC compared with older patients (0.40 0.36 mm2 of NC vs. 0.50
 0.46 mm2 in old patients, p  0.0007). Nondiabetic patients had less NC than diabetic patients (0.43
 0.41 mm2 of NC vs. 0.51  0.44 mm2 in diabetic patients, p  0.02). The NC area was lower in
normotensive patients (0.40  0.36 mm2) than in hypertensive patients (0.48  0.44 mm2) (p  0.02).
In the bivariate analysis, age, hypertension, diabetes, and prior coronary artery bypass graft were
statistically signiﬁcant, however in logistic regression analysis, only age (odds ratio [OR]: 1.023, 95%
conﬁdence interval [CI]: 1.009 to 1.037, p  0.001) and diabetes (OR: 1.636, 95% CI: 1.174 to 2.279, p 
0.004) remained statistically signiﬁcant. In a per-class logistic regression analyses including only diabetes
as covariate, the OR in young women was 2.1 (95% CI: 0.77 to 6.0, p  0.14), in young men the OR was
1.6 (95% CI: 0.90 to 2.7, p  0.11), in old women the OR was 2.3 (95% CI: 1.09 to 4.9, p  0.03), and in
old men the OR was 1.6 (95% CI: 0.96 to 2.7, p  0.07). Further, when only patients with diabetes and
hypertension were included, young men (OR: 2.0, p  0.041), old women (OR: 3.04, p  0.046), and old
men (OR: 2.2, p  0.025) were signiﬁcant.
CONC L U S I O N S Individually and collectively, age and diabetes mellitus are associated with an
increase in NC by IVUS-RFD analysis. (J Am Coll Cardiol Img 2009;2:629–36) © 2009 by the American
College of Cardiology Foundation
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630everal systemic diseases contribute to the
development of coronary artery disease. For
example, in a very large international regis-
try of patients with established coronary
rtery disease, 38.3% were diabetic patients, 80.3%
ere hypertensive, 77.0% were hypercholester-
lemic, 45.4% were obese, and 13% were current
mokers (1). These well-known cardiovascular risk
actors not only modify coronary plaque composi-
ion (2), but also predispose patients to coronary
laque rupture or acute coronary thrombosis (3).
wo of the chief modifiers of plaque morphology
re age and sex (4).
A post-mortem study showed that the necrotic
ore (NC) size and plaque burden are larger in
iabetic patients compared with nondiabetic pa-
ients (2). Furthermore, the simultaneous presence
f both diabetes mellitus and dyslipidemia was
ssociated with an increase in NC size when com-
ared with patients with only diabetes (2). The
purpose of the current analysis was to
assess whether the extent of NC in coro-
nary arteries, as measured by intravascular
ultrasound-radiofrequency data (IVUS-
RFD) analysis, is influenced by the pres-
ence of one or more cardiovascular risk
factors in a worldwide registry of patients.
M E T H O D S
Patient selection. The Global Intravascular
Radiofrequency Data Analysis Registry is a
prospective, multicenter (42 centers), non-
randomized database of coronary artery dis-
ase patients admitted for coronary catheterization
nd undergoing analysis by IVUS-RFD; it started
nrolment in March 2004, and the current analysis
ncludes the first 990 patients enrolled. Patients, irre-
pective of their clinical presentation, older than 18
ears old were eligible if at least 1 of their coronary
essels containing an atherosclerotic lesion by visual
ssessment was suitable for IVUS interrogation (ab-
ence of extensive calcification and/or severe vessel
ortuosity). The selection of the investigated artery
as left to the operator’s decision; in the case report
orm the investigator reported the target lesion diam-
ter stenosis by visual assessment and/or quantitative
oronary angiography. Acute coronary syndromes
ACS) encompassed unstable angina according to the
raunwald classification, non–ST-segment elevation
yocardial infarction, and ST-segment elevation
yocardial infarction. All of the local ethical commit-
ome
undees of the participant centers approved the protocol, snd informed written consent was obtained from all
atients.
linical deﬁnitions used in this study. Diabetes mel-
itus was defined if the patient had a fasting glucose
evel 1.26 g/l, if this risk factor was documented
n the medical record, or if the patient was receiving
ietary, oral drug, or insulin treatment. Hypercho-
esterolemia was defined if the patient had a total
holesterol level of more than 200 mg/dl, if this risk
actor was documented in the medical record, or if
he patient was receiving any lipid-lowering treat-
ent, such as dietary or pharmacological treatment.
rterial hypertension was defined if systolic blood
ressure was 140 mm Hg or diastolic blood
ressure was 90 mm Hg, if this risk factor was
ocumented in the medical record, or if the patient
as receiving antihypertensive treatment.
VUS-RFD acquisition and analysis. Image acquisition
as performed during diagnostic coronary angiog-
aphy, pre-intervention, post-balloon dilation, or
ost-stenting; however, the treated segment and 5
m of adjacent reference was not included in the
nalysis.
Details regarding the validation of the technique
ave been reported (5,6). Briefly, IVUS-RFD anal-
sis uses spectral analysis of IVUS-RFD to build
issue maps that are correlated with a specific
pectrum of the radiofrequency signal and assigned
olor codes (fibrous [labeled green], fibrofatty [la-
eled greenish-yellow], NC [labeled red] and cal-
ium [labeled white]) (5).
The IVUS-RFD data were acquired using contin-
ous catheter pullback (Eagle-Eye 20-MHz, Volcano
herapeutics, Rancho Cordova, California) and a
edicated IVUS-RFD console (Volcano Therapeu-
ics). The IVUS-RFD data were stored on DVD and
ent to the core laboratories (Cardiovascular Research
oundation, New York, New York; Erasmus Medical
enter/Cardialysis, Rotterdam, the Netherlands; or
oyohashi Heart Center, Toyohashi, Japan) for off-
ine analysis. Data acquisition was electrocardiogram-
ated and recorded during the automated withdrawal
f the catheter using a mechanical pullback device
TrakBack II or R-100, Volcano Therapeutics) at a
ullback speed of 0.5 mm/s. The IVUS-RFD
ampling during pullback is gated to the peak
-wave and is therefore dependent on heart rate.
or instance, during constant heart rate of 60
eats/min, samples will be collected every 0.5 mm.
The IVUS images were reconstructed from the
FD using customized software (pcVH 2.2, Vol-
ano Therapeutics). Longitudinal and cross-B B R E V I A T I O N S
N D A C R O N YM S
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631ours. Manual contour detection of both the lumen
nd the media-adventitia interface was performed,
nd the radiofrequency data were normalized using
technique known as blind deconvolution (7), an
terative algorithm that deconvolves the catheter
ransfer function from the backscatter, thus ac-
ounting for catheter-to-catheter variability. Geo-
etrical and compositional data were obtained for
very slice. Plaque burden was calculated as: exter-
al elastic membrane (EEM)area  Lumenarea /
EMarea  100. For this study, the mean cross-
ectional area (CSA) of NC of the entire vessel
ullback per patient was analyzed.
tatistical analysis. The distribution of the amount
f NC, expressed as the mean area in mm2, was
ight skewed. Accordingly, nonparametric statistics
ere used to calculate p values for the comparison
mong groups. Bivariate analysis and multivariable
ogistic regression analyses were performed to iden-
ify predictors of NC. To this aim, the study
opulation was divided into 2 groups: 1) patients
n 732) with a mean NC area corresponding to the
lower quartiles (NC0.62 mm2) of the overall NC
istribution (coded as 0); and 2) patients (n  250)
ith a mean necrotic area corresponding to the upper
uartile of the mean NC area (NC 0.62 mm2),
oded as 1. All variables significantly (p  0.10)
ssociated with mean NC area on bivariate analysis
ere entered into subsequent models. Next, a logistic
egression analysis with the enter method was per-
ormed for all pertinent covariates. The only 2 vari-
bles that remained statistically significant were age
nd diabetes. The Hosmer and Lemeshow Goodness-
f-Fit test statistic was 0.14. This means that the
odel explains the variance in the dependent variable
o a significant degree.
In a second approach, the population was divided
nto 4 classes according to the age (the median age
as 62 years; age therefore was stratified into 2
lasses:62 vs.62 years of age) and sex: 1) young
omen (n  90); 2) young men (n  406); 3) old
omen (n  153); and 4) old men (n  333).
hen, for each class a logistic regression analysis
as performed including diabetes as a covariate
ecause diabetes was the only variable that was
tatistically significant in the previous multivariable
nalysis. Afterwards, for each class a new logistic
egression analysis was performed including a vari-
ble that identified the simultaneous presence of
iabetes and hypertension (coded as 1) or their
bsence (coded 0) in a patient.
Results of logistic regression analyses are re-
orted as odds ratios (ORs) with 95% confidence wntervals (CIs) and p values. All analyses were
erformed with SPSS version 12 statistical software
SPSS Inc., Chicago, Illinois).
E S U L T S
he baseline characteristics are shown in Table 1.
he studied vessel was the left anterior descending
rtery in 484 (49.3%) cases, the left circumflex
rtery in 171 (17.4%) patients, and the right coro-
ary artery in 289 (29.4%) cases; in 38 (3.8%)
atients other vessels were imaged, but 8 patients
Table 1. Demographics and Baseline Characteristics (n  982)
Age (yrs  SD) 62.1 (11.4)
Male 739 (75.3)
Prior cardiac history 585 (59.8)
Hypertension 625 (63.9)
Diabetes 240 (24.6)
Insulin user 61 (25.3)
Lipid disorder 639 (65.1)
Prior MI 269 (27.9)
Prior CABG 53 (5.4)
Family history of CAD 425 (47.2)
Current smoker 255 (25.8)













ACE inhibitor 405 (41.2)
Calcium channel blocker 185 (19.0)
Blood test
Total cholesterol (mg/dl) 179.8 (45.4)
LDL cholesterol (mg/dl) 105.7 (36.7)
HDL cholesterol (mg/dl) 47.4 (14.8)
Triglycerides (mg/dl) 97.8 (98.3)
CK (U/l) 221.8 (402.5)
CK-MB (g/l) 20.1 (49.3)
CRP (mg/dl) 35.8 (93.8)
Values are n (%).
ACE  angiotensin-converting enzyme; ACS  acute coronary syndrome;
CABG  coronary artery bypass graft; CAD  coronary artery disease; CK 
creatine kinase; CRP  C-reactive protein; HDL  high-density lipoprotein;
LAD  left anterior descending; LCX  left circumﬂex; LDL  low-density




















































Abbreviations as in Table 1.
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632luded from the analysis. Image acquisition was
erformed during 425 diagnostic coronary angiog-
aphy procedures; the others were acquired pre-
ntervention (n  355), after balloon dilation (n 
2), or after stenting (n  126). The rest were
cquired post-thrombectomy. The worst lesion di-
meter stenosis was 61.4  27.3% (visual assess-
ent) or 63.2  20.3% (quantitative coronary
ngiography).
Patient age was 62.1  11.4 years, and most
atients were male (75.3%). Pullback length was
8.7  21.5 mm. The mean EEM CSA was 15.6
4.8 mm2, the mean lumen CSA was 8.7  3.0
m2, the mean plaque  media CSA (EEM 
umen) was 6.8  2.7 mm2, and the mean plaque
urden was 43.5  9.2%. Overall in this popula-
ion, the mean CSA of the NC was 0.45  0.41
m2 (12.3%), the mean CSA of calcified tissue was
.31  0.38 mm2 (8.5%), the mean CSA of fibrotic
issue was 2.2  1.4 mm2 (60.1%), and the mean
SA of fibrofatty tissue was 0.70  0.58 mm2
19.1%). The ACS comprised 40.9% of the total
opulation; these patients had nearly the same
mount of NC (0.46  0.42 mm2) as non-ACS
atients (0.44  0.41 mm2, p  0.74).
ardiovascular risk factors and coronary plaque com-
osition. SEX. Male patients had a nonsignificant
rend toward more NC (0.46  0.43 mm2) than
emale patients (0.42  0.38 mm2, p  0.20)
Table 2).
GE. NC content increased with age; patients 62
ears had mean NC CSA of 0.40  0.36 mm2,
ersus 0.50  0.46 mm2 in patients 62 years (p 
.0007).
IABETES MELLITUS. Nondiabetic patients had on
verage a mean NC CSA of 0.43 0.41 mm2 vs. 0.51
0.44 mm2 in diabetic patients (p 0.02). Of note,
nsulin-requiring diabetic patients had an even larger
ean NC area (0.57 0.47 mm2, p 0.04) than the
oninsulin-requiring diabetic population.
YPERCHOLESTEROLEMIA. There was no difference
etween patients with hypercholesterolemia and
hose without hypercholesterolemia.
YPERTENSION. The mean NC CSA was 0.40 
.36 mm2 in normotensive patients versus 0.48 
.44 mm2 in hypertensive patients (p  0.02).
RIOR CARDIAC HISTORY OR A MYOCARDIAL INFARC-
ION OR CORONARY ARTERY BYPASS GRAFT. Patients
ith a history of cardiovascular disease had a larger
ean NC CSA than their counterparts.
MOKING. Neither previous smokers nor noncurrentTable 2. Content of Necrotic Core per Cross-Sectional Area Accord-
ing to Clinical Presentation and Cardiovascular Risk Factor Status





Older than 62 yrs 0.40 0.36






























Total cholesterol, mg/dl 0.98
200 0.42 0.33
200 0.45 0.42
LDL cholesterol, mg/dl 0.83
100 0.44 0.39
100 0.44 0.40
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633C CSA than nonsmokers (p 0.23 and p 0.37,
espectively).
nivariable and multivariable analysis of NC area. All
ignificantly associated variables in the bivariate
nalysis (age, hypertension, diabetes, and prior cor-
nary artery bypass graft) were introduced in the
ogistic regression model; but only age (OR: 1.023,
5% CI: 1.009 to 1.037, p  0.001) and diabetes
OR: 1.636, 95% CI: 1.174 to 2.279, p  0.004)
emained statistically significant.
In per-class logistic regression analyses including
nly diabetes as covariate, in young women the OR
as 2.1 (95% CI: 0.77 to 6.0, p  0.14); in young
en the OR was 1.6 (95% CI: 0.90 to 2.7, p 
.11); in old women the OR was 2.3 (95% CI: 1.09
o 4.9, p  0.03); and in old men the OR was 1.6
95% CI: 0.96 to 2.7, p 0.07). Further, when only
variable that identified patients with diabetes and
ypertension was included, in young women the
R was 2.4 (95% CI: 0.69 to 8.6, p  0.17); in
oung men the OR was 2.0 (95% CI: 1.03 to 3.8,
 0.041); in old women the OR was 3.04 (95% CI:
.02 to 9.1, p  0.046); and in old men the OR was
.2 (95% CI: 1.1 to 4.2, p  0.025) (Tables 3 and 4).
I S C U S S I O N
he main findings of this study are the following: 1)
he relative amount of NC found in this in vivo
tudy resembles that previously reported in patho-
ogical studies (8,9). 2) The presence of some
Table 3. Logistic Regression Predictors for the Top Quartile Me
Parameter Beta Coefﬁcient W
Age, yrs 0.023 1
Hypertension (yes/no) 0.180
Diabetes mellitus (yes/no) 0.492
Prior CABG (yes/no) 0.494
Constant 2.8
CI  conﬁdence interval; OR  odds ratio; other abbreviations as in Table 1.




Model 1: patients with diabetes OR: 2.1
95% CI: 0.77–6.0
p  0.14




p  0.17Abbreviations as in Table 3.ndividual cardiovascular risk factors is related to an
ncrease in NC. 3) In a per-class logistic regression
nalysis, it seems that some cardiovascular risk
actors assert a synergistic effect on the amount of
C in coronary atherosclerotic plaques.
The relevance of studying NC lies in its role in
he instability of atherosclerotic plaque. Rupture of
hin-cap fibroatheromas accounts for more than
0% of acute coronary events (4). Ruptured plaques
re significantly more obstructive and contain larger
Cs, more macrophage infiltration, more calcium,
ewer smooth muscles cells, and more positive
emodeling than intact thin-cap fibroatheromas
10).
The individual and collective impact of many
ardiovascular risk factors in terms of cardiac mor-
idity and mortality has been described. Individu-
lly, these risk factors can either affect the overall
laque composition or specifically the NC (Fig. 1).
imilarly, the synergistic effect of 2 or more cardio-
ascular risk factors can either affect the overall
laque composition or specifically the NC; this
ore accurately reflects reality because a patient
sually is diabetic and hypercholesterolemic, dia-
etic and hypertensive, and so on. Consider a
atient of any age, sex, and diabetes status (Fig. 2).
hen this patient is analyzed as a part of a given
atient population, cardiovascular risk factor “A”
ould have no effect because the impact of this
ardiovascular risk factor depends on the class to
hich the patient belongs, even if this population is
e of Necrotic Core Area
OR 95% CI p Value
1.023 1.009 to 1.037 0.001
1.197 0.862 to 1.662 0.28
1.636 1.174 to 2.279 0.004
1.638 0.911 to 2.945 0.09
0.081 to 0.012 0.007
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634plit by age, sex, or any other cardiovascular risk
actor. How can this be tested statistically? One
ption is to introduce interaction terms in the
ultivariable analysis to assess the biological inter-
ction among variables that compound the interac-
ion term. However, this requires a complex statis-
ical analysis that is difficult to put into perspective
n clinical practice. Instead, we categorized the
urrent population into 4 classes considering 2
ariables that are intrinsic and not modifiable: age
nd sex. Eventually we had 4 groups—young
omen, young men, old women, and old men—in
hom we assessed the effect of diabetes, which was
he only independent predictor of NC area in the
Figure 1. Biological Interaction of CRFs and Coronary Plaque Si
(Top) Cross-sectional areas of the same coronary atherosclerotic pla
side the corresponding IVUS radiofrequency data image. (Bottom) C
factor) act alone or in combination (biological interaction) to assert
impact of these CRFs varies (thickness of the arrow). Their effect co
affect necrotic core, once again, individually or collectively. IVUS verall population. Diabetes was associated with an lncrease in NC area in old women, and a strong
rend was observed in old men. When a variable
hat identified patients with both diabetes and
ypertension was entered into the logistic regres-
ion analysis per group, being diabetic and hyper-
ensive was associated with an increase in NC not
nly in old patients, but also in young men. Of
ote, in this second model all of the ORs were
arger than in the first model, in which only diabetes
as tested. Thus, the combined presence of diabe-
es and hypertension exerted a synergistic and
ifferential effect across age/sex groups.
In post-mortem studies, smoking was associated
ith acute thrombosis (OR: 3.6, p  0.004) and
nd Composition
, on the left-hand side a grayscale image and on the right-hand
iovascular risk factors (CRF) (A–F indicates any cardiovascular risk
ir effect on overall plaque size and composition. Note that the
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635ssociated with plaque rupture (p  0.008) (3). In
ur study the NC was larger among patients with
ow high-density lipoprotein cholesterol levels, but
his variable failed to be an independent predictor in
he multivariable analysis. The rest of the cardio-
ascular risk factors correlated only mildly with the
ize of the NC. The same group of pathologists
ater reported the plaque composition among dia-
etic patients (2). Type II diabetes patients had
arger NCs, more calcium, and more inflammation
han nondiabetic patients. Patients who were dia-
etic and hypercholesterolemic had larger NCs
ompared with patients who were only diabetic
atients, whereas patients with diabetes and hyper-
holesterolemia had a larger macrophage infiltrate
ompared with patients with normal cholesterol
nd no diabetes mellitus. Although some of our
esults were in line with those of this pathological
tudy, we refrained from a direct comparison be-
ween pathology and our in vivo study because these
athological studies defined cardiovascular risk fac-
ors based on clinical history and post-mortem
lood and serum analyses as well as by histology,
nd IVUS-RFD is not pathology, even though the
redictive accuracy of NC detection is reported to
e 95.8% (6).
tudy limitations. This study has several limitations.
Figure 2. Individual and Collective Impact of CRFs
The population has been divided by age, sex, and diabetes mell
factor (CRF) “A” is assessed in each of them in terms of change i
arrow); 2) increase (upward arrow); or 3) decrease (downward a
analysis is conducted, either by age, sex, or clinical presentation
some of the categories.he most important is that external validity is Eimited because the studied population is small and
ome of the cardiovascular risk factors, such as
emale sex and diabetes, are not extensively repre-
ented. Furthermore, we used analyses that were
ptimized based on the dataset, that is, we used the
op quartile of NC measures and age cut points (i.e.,
62 years). The use of optimized analyses has the
otential to be less generalizable to validated anal-
ses. Other metabolic, chemical, mechanical, and
heologic factors that influence the behavior of a
iseased coronary vessel wall were not measured
ndependent from plaque composition and were
nvestigated concurrently in this study.
O N C L U S I O N S
verall plaque composition as analyzed by IVUS-
FD is similar to pathology. Individually and
ollectively, specific cardiovascular risk factors are
ssociated with an increase in NC.
eprint requests and correspondence: Dr. Patrick W. Ser-
uys, Thoraxcenter, Erasmus Medical Center, Depart-
ent of Interventional Cardiology, Ba583, Dr. Molewa-
erplein 40, 3015-GD Rotterdam, the Netherlands.
(DM), resulting in 8 categories. The same cardiovascular risk
ecrotic core. This CRF “A” can have: 1) no effect (horizontal
) on the amount of necrotic core. When a population-based
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